Abstract: Nowadays, companies in global markets have to achieve high levels of performance and competitiveness to stay "alive". Within this assumption, the building maintenance cannot be done in a casual and improvised way due to the costs related. Starting with some discussion about lean management and building maintenance, this paper introduces a model to support the Lean Building Maintenance (LBM) approach. Finally based on a real case study from a Portuguese company, the benefits, challenges and difficulties are presented and discussed.
Introduction
Demand for increasingly efficient management models is a major concern of any manager of modern times. Lean Management that has its origins in the 50's based on automotive production system of Toyota, inspired by the ideas proposed by Taiichi Ohno is to meet the needs of increased levels of competitiveness and efficiency through a change in corporate culture, which is based on the reduction or elimination of waste and continuous improvement of processes.
One of the areas of applicability of Lean Management is the area of maintenance, for which specific tools have been developed contributing to a profound change of the dominant paradigm [1] . In the case of real estate industry, an industrial or offices building had in the past just a few maintenance requirements, usually associated with corrective maintenance interventions, resulting as an action of an anomaly. Currently, buildings are complex installations, sometimes called "intelligent buildings", which reflect energy efficiency concerns, safety, comfort, image, environmental quality and must meet the requirements associated with certification processes and other legislation in force [2] .
Thus, the nowadays buildings' complexity, the associated technological progress and the corresponding functional demands require the development of models able to ensure the performance of maintenance management of the buildings physical assets at controlled costs. Hence, since Lean means "efficient use of the available resources by cutting the non-value added (NVA) activities", this paper attempts to propose a roadmap for adopting lean thinking into the buildings' maintenance process. Therefore, with the increasing attention to building maintenance services, this paper proposes a model that allows to determine the minimal level of maintenance requirements satisfying a certain reliability level through the use of the lean concept. Thus, section 2 provides a brief summary of concepts concerned with building maintenance activities. Section 3 proposes a Lean Building Maintenance methodology. In order to assess the robustness of the proposed approach, some results obtained considering a real case study, are provided in section 4. Few concluding remarks are provided in section 5.
Building Maintenance
Currently, buildings tend to have larger dimensions and are often based on verticality, housing complexes equipment serving an increasing number of different users. Table 1 describes the types of buildings according to the use. However, it is worth to distinguish maintenance of rehabilitation, which requires the rethinking of a building performance (or its constructive solutions) defining interven- tions to improve its performance usually being the designer's responsibility. However, the maintenance has a broader sense since designates a set of technical interventions that aims at the protection and assurance of the quality level of equipment and service seeking to act preventively and proactively in fault detection and diagnosis [3] .
Thus, maintenance will be concerned with the combination of all technical and administrative actions so that the building and its elements perform the functions for which it was designed, during its lifetime [4] . Furthermore, the maintenance should provide the conditions of comfort and safety to its users, as well as the fulfilment of a number 
Operational functions
Ensure the availability of a wide range of equipment: power distribution, fluid networks, sewage, heating, air conditioning, ventilation, elevators, civil infrastructure, security systems (detection and firefighting, video surveillance, emergency exits, etc.) and emergency power supply. Take into account the specific features of specific equipment such as canteens, laboratories, bars, medical centre, etc. Ensure cleanliness and environmental management.
Regulatory functions
• Compliance with environmental comfort and indoor air quality requirements (AQR);
• Consumption monitoring and ensuring energy eflciency;
• Conduct periodic energy and AQR audits according to the typology of the building;
• Ensure maintenance of some specific equipment (HVAC, elevators, etc.) by qualified and accredited experts.
Management and planning functions
• Preparation of plans, procedures and maintenance routines, equipment operation and building facilities;
• Works management;
• Manage the building documentation and related equipment;
• Manage human and material resources;
• Analyse the performance information collected by inspections and or faults;
• Tailor preventive maintenance plans according building occupancy rates and availability of skilled labour;
• Ensure rapid and eflcient response in the event of faults (corrective maintenance);
• Managing the contracts of external service providers;
• Preparation of the maintenance budget and ensure rationalization and costs control.
of standards and legislation in force, without neglecting the efficient management of resources. Table 2 describes the main functions associated with the maintenance of buildings.
Model of Lean Building Maintenance (LBM)
There is an intuitive assumption by many managers that maintenance is, just for itself, a waste. However, this function is essential for any organization in the sense that if their operations fail, the operational costs will increase. Consequently, during the last decade, there has been significant activity and several approaches related with building maintenance have been proposed. However these initiatives in most of the cases correspond to fragmented research and focused on solving specific problems [5] [6] [7] [8] .
Starting from this situation, a big challenge now is the development of a model that helps maintenance managers to take the best decision to work more effectively in pursuit of their goals. The suggested approach is not to "re-invent the wheel" but rather to take into account contributions from other disciplines that can contribute to establish a sound theoretical foundation for a lean building maintenance approach (LBM). Figure 1 shows some promising tools and models. However, the list of tools suggested is not exhaustive, and several other existing and/or emerging approaches might have a positive contribution to support a lean building maintenance approach.
Starting from the tools suggested in Figure 1 , the LBM model, as illustrated in Figure 2 , is intended to support the implementation of a lean approach associated with the maintenance of buildings.
The proposed model includes various stages/pillars of an implementation of the model following an evolutionary process, where the first initiatives aim to know the organization culture, then moving to waste identification and a more advanced stage to apply oriented tools for creating value.
The first phase/pillar aims to make a current state assessment and knowledge of the organization in order to obtain the most accurate diagnosis possible about it. The tools to consider at this stage are: • SIPOC (Suppliers, Inputs, Process, Outputs and Customers) -Should be used to determine in a particular case who are the customers, what are their needs and know how to operate the suppliers; • VOC (Voice of the costumer) -The voice of the customer listens to the corresponding opinion and identify the real needs of the end customer; • Map of processes -Used for the diagnosis of the service through a graphic depiction of a sequence of several activities that are related to each other, i.e., the flow of information, people or materials.
The second phase/pillar aims to identify waste, i.e., activities that do not add value to the organization. The proposed tools for this step are:
• MVSM (Maintenance Value Stream Mapping) -The mapping of the flow of value of maintenance intends through a standardized set of icons, to graphically represent the flow of material, information and people throughout the entire value chain; • 5 S´s -Tool associated with visual management and refers to a set of simple procedures of easy application seeking to reduce waste and improve the performance of people and processes based on organization and cleanliness of the work space; • 5 W (5 whys) -Allows to identify the causes of the detected anomalies (breakdowns and accidents) in a structured way.
The third phase / pillar aims to measure the impact of the improvements that have been introduced, showing the creation of value for the organization. The proposed tools for this phase are as follows: The fourth phase/pillar aims to implement an information system to enable more efficient management of the volume of information required for management activities as well as in support of decision making. Thus, the implementation of a computer platform is recommended for the organization and management of the maintenance of buildings, usually known as Computer Assisted Maintenance Management (CAMM). Alternatively, it can be implemented a Building Information Model (BIM). This model considers a comprehensive approach to management of information about the building, considering its various phases: design, construction, operation and maintenance, i.e. the entire building life cycle [11] . • Subbasement: This is the more "technical" floor of the building. It is where the Air Conditioning Centre, the Emergency Generator, the Low General Framework Voltage (LGFV), the central booster for drinking and fire water, the parking and other elements necessary for the technical management of the building are located; • Basement: This floor houses the Data Centre, the workshop supporting the building maintenance activities, the auditorium, the kitchen storage and other spaces that mainly serve to documentation archive. Logistics entrance of the building is made through this floor; In order to identify the waste, or activities that do not add value (second step of the Lean Building Maintenance process), Figure 3 illustrates the application of a MVSM tool to a current maintenance process.
Since this is a tool that analyses the time taken in the various stages of the process (lead time), it was necessary to adapt this concept to maintenance, because it is a nonregular service distinct from a production process in series, appearing then the total time immobilization, i.e. the time when the equipment fails to perform its function until [12] . The MMLT can be given by the following equation:
Being: It can be observed that in this situation the organizational level is quite fallible and that there are high waiting times and unnecessary activities. An action on the times of the activities that create no value, will be the preferred option to reduce the total detention time, as can be seen in Figure 4 the future MVSM, considering the improvement opportunities. Table 3 shows the calculated time.
That has produced a significant reduction of total immobilization time, which is due to the following improvement proposals considered in the future MVSM:
• Use of a CAMM computational platform facilitating the communication and information organization, reducing the response time (zigzag black line); • Recourse to subcontracting of general maintenance activities, with agreed and approved basic values, reducing the time and eliminating some activities that do not create value; Total 100
• SLA definition to be included in subcontracting, with the contracting of the maximum response time to a request for intervention.
In order to measure the impact of the improvements that have been introduced in the organization (third step of the Lean Building Maintenance process), the following two performance indicators have been evaluated: BPI and MEI. BPI calculation is performed based on equation developed by Shohet [13] , which is defined by:
Where: k -stands for the number of systems in which the building is decomposed; P k -Defines the conservation status of each system; W k -Weighting associated with each system. The weight to be assigned is based on the cost of each system in relation to the overall cost during the building's life cycle. Therefore, as a first step we should identify the main functional systems for the efficient operation of the building. In the case study, the top ten systems that represent the main functions of the building were considered. So let's have a value of k = 10. Table 4 shows the weights that have been assigned to the ten considered systems.
For each system under consideration, it has been given a rating, P k , based on a scale of 1-100 and which takes into account the following basic elements:
• System state assessment;
• Anomalies that exist; • Type of policy/strategy of maintenance implemented by the organization.
For each system and considering the various elements, the P k value, for each system, k, is calculated based on the following equation:
Where: C k -Scale number from 0 to 100 points, on which is expressed the system performance; W(C) k -Weight given to the conditions of the system component k; F k -Frequency of defects, whereas a value between 100 (no abnormality into 12 months) and 20 (common abnormalities -an average of 12 anomalies in 12 months); W(F) k -The weight of the anomalies in system k; PM k -Score for preventive maintenance, assessing compliance with the recommended procedures for each system; W(PM) k -Weight of preventive maintenance in system k;
The sum of the weights of the various elements, k , should be equal to 1. The assessment of these elements results from surveys that are made and are obtained by assigning a classification as shown in Table 5 .
The final combination of these three factors reflects the performance level for each P k systems. Table 6 shows the values used in the calculation of BPI.
According to the classification proposed by Shohet [14] , shown in Table 7 , it can be concluded that the value obtained for the BPI (73.4) reflects the age of the building (about 30 years) and the need to make some improvement interventions. Individually it can be seen the important weight of electrical systems and emergency power supply, because of the existence of a data centre and the necessary support systems. Besides the evaluation of the current conditions of the building and each of their systems, this indicator provides elements for analysis of the evolution of maintenance and possible comparisons (benchmarking) with other buildings. By incorporating a financial component in the performance of building maintenance, the maintenance manager gets a new perspective and a better ability to face the decision about some interventions that will have to evaluate.
The MEI is calculated using the formula developed by Shohet [14] : ACy -Age coefficient for the year y; OC -Occupancy rate; ic -Prices index.
The annual maintenance costs ( /m 2 ) are determined according to the preventive maintenance costs of the various building systems, as well as replacement costs and end of life of the systems. The coefficient of age is the ratio of the annual value of maintenance for a given year and the total amount of the budget of maintenance for an estimated duration of 75 years, reflecting the great substitutions that occur in every 20/30 years. In calculating the coefficient of age and building occupancy rate, as an approximation were utilized calculations developed by Shohet [13] , as shown in Figure 5 . So in 2015, the age coefficient will be AC = 1.3. Given the number of employees residing in the building, we can consider that the level of occupancy will be about 80% of total capacity, which corresponds to an occupancy rate of OC = 0.95. This study did not consider the correction of the price index for what is considered ic = 1. Table 8 shows the values used in the calculation of MEI. 
0,27
According to the classification proposed by Shohet [14] and indicated standard values for three different types of buildings, as illustrated in Figure 6 , it can be concluded that the value obtained for the MEI (0.27) indicates that maintenance resources are being used efficiently and are considered acceptable for the type of building under study.
Conclusions
Working methods and past legacy Management approaches are less and less adapted to the turmoil of the modern world. Lean management is a management philosophy that has as main objective the elimination or reduction of procedures that do not create value for the customer.
The proposed model called LBM (Lean Building Maintenance) for the maintenance of buildings seeks to combine the concepts of Lean Management with the specificities associated with building maintenance services in particular in ensuring the standards of comfort and quality of service provided to users, in compliance with legal requirements, to adapt to the complexity of technologies and building features, in accordance with safety and environmental issues. The LBM is intended as a support model to implement a Lean culture in building maintenance management, giving managers an organized and scalable set of tools and concepts that arouse the attention of the organization of the advantages of implementing a Lean Management. The case study illustrated the applicability of the proposed model as well as the associated advantages.
